QSAR analysis on a set of synthesized chalcone derivatives tested for growth inhibitory activity against Bacillus pumilis was performed by using multiple regression procedure. The activity contributions of these compounds were determined from regression equation and the validation procedures to analyze the predictive ability of QSAR model were described. The generated model from a 25 molecule training set and 7 molecule validation set using 47 independent variables revealed that an increase in ADME Weight, Kappa2 index and a decrease in HOMO energy as favorable descriptors for Bacillus pumilis inhibition.
Introduction
Compounds with chalcone as backbone have been reported to exhibit a wide variety of pharmacological effects, including antioncogenic 1 , anti-inflammatory 2 , antiulcerative 3 , analgesic 4 , antiviral 5 , antimalarial 6 and antibacterial activities 7 . The presence of a reactive α,β-unsaturated keto function in chalcones is found to be responsible for their antimicrobial activity, which may be altered depending on the type and position of the substituent on the aromatic rings.
We synthesized a number of chalcones [8] [9] [10] from 3-acetyl coumarin, p-hydroxy acetophenone and 2-hydroxy-1-acetonaphthone with different aromatic as well as heterocyclic aldehydes. The compounds were evaluated for their in vitro antibacterial activity against Bacillus pumilis. Structure activity relationship studies delineate the structural requirements for potency of inhibitors. QSAR studies have been investigated on the basis of the fact that the biological activity of the compound is a function of its physicochemical properties. In this study, we report the minimum inhibitory concentration (MIC) and QSAR analysis on a series of chalcone derivatives tested for their antibacterial activity against Bacillus pumilis. The activity data is presented in Table 1 . 
Results and Discussion
Multivariate regression analysis with F stepping (F to enter and F to leave being 4) and crossvalidation by leaving-out-one row, to test the predictive power, resulted in ADME Weight, HOMO and Kappa2 index (Table 2) The data set was divided into a training set and validation set to cover the whole activity range and the new regression model based on 27 molecule training set was: log (1/C) = + 0.003* ADME Weight Inter-correlation between significant descriptors utilized in equation-2 is presented in Table  3 , where it is clear that the descriptors are not highly correlated. indicates that a high value of HOMO energy contributes negatively to the activity. An electron-donating substituent, such as hydroxy, methoxy or methyl group, on the ring increases the energy of the HOMO orbital. A lone pair of electrons on oxygen atom of methoxy group delocalizes into the π space of benzene ring, thereby increasing the energy of HOMO. Similarly, electron-withdrawing substituents, such as halogens, lower the energy of HOMO. An electronegative halogen removes electron density from the σ space of benzene ring, thereby decreasing the energy of HOMO 12 . Thus, designing analogs with electron-withdrawing substituents on the ring should improve activity. On the other hand, a high value of ADME Weight and Kappa 2 index represents a positive contribution to the activity. Molecular weights of chalcone derivatives are in the range of 225.26 to 366.39 daltons respectively. Compounds with 650 daltons molecular weight range tend to be very insoluble and impermeable 13 . Therefore, a marginal increase in molecular weights of the compounds under study should increase antibacterial activity. Kappa 1 shows the degree of complexity of a bonding pattern. Kappa 2 indicates the degree of linearity of bonding patterns. Kappa 3 indicates the degree of branching at the centre of a molecule, larger for predominantly linear molecules with branching at the ends. Equation 2 suggests that a high value of Kappa 2 index increases the activity. Therefore, designing chalcone derivatives with a high degree of bonding linearity with groups that increase molecular weight and attachments with electron-withdrawing substituents on the ring increases antibacterial activity against Bacillus pumilis. Observed, calculated and predicted activities of chalcone derivatives are presented in Table 4 . 
Conclusions
The results of this study suggest that variables like ADME Weight, HOMO and Kappa2 index play an important role in defining inhibitory activity of chalcone derivatives against Bacillus Multivariate regression analysis QSAR models were constructed on complete set and training sets, respectively. Validation was done internally using leave-one-out (LOO) technique and externally by predicting the activities of the validation set. The relationship between dependent variable (log1/C) and independent variables was established by linear multiple regression analysis using Tsar. Significant descriptors were chosen based on the statistical data of analysis. Inter-correlation between these descriptors was checked for independence of the variables. Statistical quality of the generated QSAR equation was judged based on the parameters like correlation coefficient (r), standard error of estimate (s), F-value, cross-validation r 2 (q 2 ) and predictive residual sum of squares (PRESS).
Predictive ability of QSAR model
Predictive ability of the generated model was estimated externally by predicting the activities of validation set. This criterion may not be sufficient for a QSAR model to be truly predictive 15 . An additional condition for high predictive ability of a QSAR model is based on external set crossvalidation r 
